The lattice gas model is extended to include a temperature variable in order to study thermohydrodynamics, the combination of fluid dynamics and heat transfer. The compressible Navier-Stokes equations are derived using a Chapman-Enskog expansion. Heat conduction and convection problems are investigated, including B~nard convection. It is shown that the usual rescaling procedure can be avoided by controlling the temperature.
INTRODUCTION
Lattice gas automata were first proposed by Frisch, Hasslachcr, and Pomeau (FHP) tl~ to simulate incompressible Navier Stokes equations. As a parallel and powerful computational method, the lattice gas scheme has been extended to describe additional fluid problems, including flow through porous media, chemical reactions, 13'41 phase transitions, ~s~'~ and surface tension/7J Lattice gas automata are classical many-body dynamical systems which provide several simple solvable models to study classical statistical problems. Recent achievements in this area include the derivation of wavelength dependence and frequency dependence of the transport coefficients ~8~ and long-time behavior of the velocity autocorrelation functions. ~'~ Most research using lattice gas methods has focused on flow problems, particularly on isothermal flows.
In this paper, we propose a lattice gas model incorporating 13 lattice gas velocities to simulate a more realistic thermohydrodynamic system. The model has a definition of temperature which is related to the microscopic kinetic energy. A Chapman Enskog expansion is used to derive the thermohydrodynamic equations, Eq. (45), and the transport coefficients, Eqs. (43) and (44). The FHP 1~' 21 lattice gas requires a scaling of time, pressure, and viscosity because of the non-Galilean invariance. Our model can avoid this scaling for isothermal systems.
In Section 2, we describe the model, discuss its thermodynamic properties, and derive the thermohydrodynamic equations for local equilibrium. The derivation of transport coefficients is given in Section 3. Applications of this model to heat conduction in channel flows are studied in Section4. Section 5 presents computer simulation results for Benard convection. In Section 6, we discuss the isothermal limit and the partial recovery of the Galilean invariance. The last section discusses future applications.
An earlier model including temperature was proposed by Burgess and Zaleski, Imj in which "colors" are used to represent an energy variable. Even though simulations of this model exhibit interesting phenomena, the model is unrealistic. The colors are particle labels which have no intrinsic relation to the dynamical properties. The propagation of thermal energy is represented by the color field. The model does not possess a well-defined thermodynamic energy nor temperature transfer. The transport coefficients can only depend on density. In physical systems, the transport coefficients depend on both density and temperature.
A LATTICE GAS MODEL FOR THERMOHYDRODYNAMICS
For single-speed lattice gas models, such as six-bit lattice gas models, ~1' 2"~1~ the energy equation is equivalent to the continuity equation. For seven-bit lattice gas models with rest particles, ~j:) local kinetic energy is not conserved during some collision processes. Therefore, it is necessary to include at least two different nonzero particle speeds in the model to study temperature-dependent effects. In this paper, we construct a lattice gas model with three types of particles, distinguished by their speeds and masses. We assume these particles have the speed zero, one, and two, with masses m~ = 2/3, 1, and 1/2, respectively, where a (=0, l, or 2) denotes the type of particle.
The reason for using different masses is to maximize the number of allowed collisions while conserving mass, momentum, and energy exactly.
